We present a SUSY breaking scenario based on Abelian gaugino kinetic term mixings between hidden and observable sectors. If an extra U(1) gaugino in the observable sector obtains a large mass through this mixing effect based on SUSY breaking in the hidden sector, soft SUSY breaking parameters in the MSSM may be affected by radiative effects due to this gaugino mass. New phenomenological aspects are discussed in such a SUSY breaking scenario. †
Supersymmetry (SUSY) is considered to be the most promising solution for the gauge hierarchy problem of the standard model (SM) [1] . Since phenomenological features of SUSY models are determined by soft SUSY breaking parameters, it is crucial to clarify the nature of SUSY breaking mechanisms. Since a favorable SUSY breaking scale in a hidden sector depends on what kind of mediation scenarios of SUSY breaking are supposed, features of the SUSY breaking in the observable sector is usually fixed by a dominant contribution due to a certain mediation among them. If different mediation mechanisms can compete to induce the SUSY breaking in the observable sector, there may appear novel feature in SUSY breaking parameters. In this paper we discuss a possibility that the coexistence of different mediations of the SUSY breaking may break the universality of gaugino masses and bring new phenomenological features to the models.
A few examples which can realize non-universal gaugino masses have been proposed, 1 and its phenomenological consequences have been examined from some view points [2] - [6] .
Here we propose a new mediation mechanism of the SUSY breaking in the hidden sector to the observable sector, which can make an Abelian gaugino mass largely different from others in the observable sector. In such a case other SUSY breaking parameters may be also affected through radiative effects of this large Abelian gaugino mass. In particular, corrections to the Higgs and stop masses seem to be phenomenologically interesting since it may help to soften the little hierarchy problem in the MSSM.
In this paper we use the Abelian gauge kinetic term mixing for the mediation of the SUSY breaking. It is known that the kinetic term mixing can generally occur among the Abelian gauge fields in the models with multi U(1)s [7, 8, 9] . We assume that such mixing exists between two Abelian gauge fields, one of which belongs to the hidden sector and the other belongs to the observable sector. In that case we show that there can be an additional contribution to the corresponding Abelian gaugino mass in the observable sector, if certain assumptions for the superpotential and the SUSY breaking in the hidden sector are satisfied. This additional contribution can make the Abelian gaugino mass different from others in the observable sector. Moreover, it may bring radiatively dominant contributions for certain SUSY breaking parameters depending on the SUSY breaking 1 The gaugino masses are known to be non-universal in some types of models, for example, in the multi-moduli SUSY breaking [2] , intersecting D-brane models [3] and a certain type of gauge mediation models [4] . scale in the hidden sector.
The following parts are organized as follows. First, we explain the SUSY breaking mediation due to the gauge kinetic term mixing. We discuss how the gaugino mass of an additional U(1) factor in the observable sector can be heavier than other gauginos. After that, we estimate the corrections to the Higgs and stop masses due to this gaugino mass.
We discuss these corrections may help to soften the little hierarchy problem in the MSSM.
We give numerical results of such analyses for the extra U(1) models derived from E 6 , as an example.
For simplicity, we consider a SUSY U(1) a ×U(1) b model where U(1) a and U(1) b belong to the hidden and observable sectors, respectively. In the later discussion U(1) b is identified with an additional U(1) x to the MSSM. We suppose thatŴ α a,b is a chiral superfield with a spinor index α, which contains the field strength of U(1) a,b . SinceŴ α a,b is gauge invariant by itself, the gauge invariant kinetic terms can be expressed as
A mixing term is generally allowed at least from a viewpoint of the symmetry. Although some origins such as the string one-loop effect may be considered for this mixing [8] , we only treat sin χ in eq.
(1) as a free parameter.
This mixing can be resolved by practicing a transformation [7]   Ŵ
If we use a new basis (Ŵ α h ,Ŵ α x ), a covariant derivative in the observable sector can be written as
This shows that the gauge field A µ x in the observable sector can interact with the hidden sector fields which have a nonzero charge Q a . However, since the fields in the hidden sector are generally considered to be heavy enough and sin χ is expected to be small, we can safely expect that there is no phenomenological contradiction at the present stage.
We consider that the Abelian gauginos in both sectors obtain masses through the SUSY breaking in the hidden sector such as
where the mass M b of the gaugino in the observable sector may be supposed as the ordinary universal mass m 1/2 . If we can assume that M a ≫ M b is satisfied, these mass terms are rewritten by using the new basis (2) as follows,
where we also use sin χ ≪ 1 in this derivation. This suggests that the mass of the Abelian gaugino in the observable sector can have an additional contribution due to the gauge kinetic term mixing with the gaugino in the hidden sector. This new contribution can be a dominant one when the SUSY breaking in the hidden sector satisfies
In this case the universality of the gaugino masses in the observable sector can be violated in the Abelian part.
Next we present an example of the SUSY breaking scenario which can satisfy the condition (6) in the framework of the gravity mediation SUSY breaking. We consider the hidden sector which contains chiral superfieldsΦ 1,2 charged under U(1) a . It is also supposed to contain various neutral chiral superfields like moduli, which are represented byM together. They are defined as dimensionless fields. Matter superfields in the observable sector are denoted byΨ I . Both Kähler potential and superpotential relevant to the present argument are supposed to be written as
where κ −1 is the reduced Planck mass and Q a (Φ 1 ) + Q a (Φ 2 ) = 0 is assumed. As a source relevant to the SUSY breaking in the hidden sector, we adopt a usual assumption in case of the gravity mediation SUSY breaking. That is, the SUSY breaking effects are assumed to be parameterized by F -terms F M of certain moduli M [10] . In that case the gravitino mass m 3/2 can be defined by m 3/2 ≡ κ 2 e K/2 W 0 . Since vacuum energy is expressed by using these as 
The masses of the gauginos are generated as [11] 
where f A (M) is a gauge kinetic function for a gauge factor group G A . If f A (M) takes the same form for each factor group, the universal gaugino masses are generated as
. This is the ordinary scenario. In the present case, the gaugino mass M b in eq. (4) is expected to be induced from this gravity mediation and take the universal value
On the other hand, the gaugino mass M a in the hidden sector is generated through the mediation of charged chiral superfieldsΦ 1,2 due to the second term in W as in the gauge mediation SUSY breaking scenario [12] . Since it can be generated by one-loop diagrams which have component fields ofΦ 1,2 in internal lines, it is approximately expressed as
where Λ = F 1 / S 1 and we define that S 1 and F 1 are the scalar and auxiliary components 
where
The scale Λ is introduced in eq. (10) and M w is the weak scale. Since the large Abelian gaugino mass M x gives dominant contributions in the RGEs for the soft SUSY breaking parameters, we may approximately estimate their evolution by taking account of its effect alone. Using one-loop RGEs, the soft masses of the scalar componentsf and the A parameters for the couplings of three scalarsf 1f2f3 are represented as
where Q ψ stands for the U(1) x charge of the field ψ. The MSSM effects based on the gravity mediation are summarized bym 
Since the Higgs mass difference δ ≡ m 
the conditions (13) can be summarized as
Although the present mass bounds for the lightest neutral Higgs scalar require a large stop mass mt, the large stop mass imposes the tuning among the SUSY breaking parameters so as to satisfy eq. (15). As a result, we have a so-called little hierarchy problem. However, in the present case the situation may be changed. The additional correction due to M x increases the stop mass through eq. (12) . On the other hand, eq. (14) shows that it could reduce a value of δ in case of Q We examine this aspect numerically in interesting examples which have U(1) x as an additional Abelian gauge symmetry to the MSSM. As such a U(1) x we adopt an Abelian symmetry derived from E 6 and fix the model in the following way. U(1) x is identified with a linear combination of two additional U(1)'s to the MSSM as
where Q ψ and Q χ are the charges of U(1) ψ and U(1) χ in
Following eqs. (8) and (9), the gravity mediation SUSY breaking parameters are fixed as the universal ones mf = Af required to cancel the anomaly. However, since their effects are expected to be secondary, we do not take them into account here.
We study the behavior of the SUSY breaking parameters of this model by using one- In the extra U(1) model studied here, it is also useful to note that the constraint from the neutral Higgs mass bounds can be relaxed by additional contributions in comparison with the MSSM [14] . The constraint can be satisfied even for the small values of tan β such as 2, which is used in the above calculations. This point may also be considered a favorable feature of this scenario for the fine tuning problem. In addition, since the correction due to M x tends to improve the universality of the soft masses among different generations of squarks and sleptons, it does not make the situation for the FCNC problem
worse.
Finally, we should make a remark about an important effect on the soft scalar masses due to the hidden sector U(1) D-term. As discussed in [8] , the hidden sector U(1) D-term can contribute to the soft scalar masses m is estimated as
where g h is the coupling constant of the hidden sector U(1) and Q aspect of such a scenario, we studied the fine tuning problem in the radiative symmetry breaking in the MSSM. We showed that the RGE effects due to this gaugino mass can reduce the corrections to the Higgs mass although the same effect increases the stop mass.
Since this SUSY breaking scenario can affect the neutralino phenomenology in the way that the lightest neutralino is dominated by the MSSM singlet fermion [6] , the model may be examined through future collider experiments and dark matter searches.
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